Abstract A prior fracture is a well-documented risk factor for a subsequent fracture and it doubles the risk of subsequent fractures. Few studies have investigated the time that elapses between the initial and subsequent fracture. These studies show that the subsequent fracture risk is not constant, but fluctuates over time. The risk of subsequent vertebral, hip, and nonvertebral non-hip fractures is highest immediately after initial hip, clinical, and radiographic vertebral fractures and nonvertebral fractures and declines afterward, regardless of gender, age, and initial fracture location. These studies indicate the need for early action after an initial fracture with medical interventions that have an effect within a short term to reduce the preventable risks of subsequent fractures.
Introduction
In terms of fractures, osteoporosis is one of the leading health problems in the Western world according to the World Health Organization and is a growing problem due to the aging population [1, 2] . However, in terms of bone mineral density (BMD) T-score less than −2.5, osteoporosis is only one of the many risk factors for fractures.
A prior fracture is yet another well-known risk factor for a subsequent fracture, independent of BMD [3] . The risk of a subsequent fracture is doubled in the presence of a prior fracture (pooled relative risk [RR], 2.0) [3] . However, several studies have shown that the risk of subsequent fracture is not constant, but fluctuates over time, being highest immediately after the initial fracture [4••, 5••, [6] [7] [8] .
One of the earliest studies on the timing between first and subsequent fractures focused on men and women who had been hospitalized because of a clinical vertebral fracture and in whom the risk of all subsequent fractures was highest within the first year. Lindsay et al. [8] found that within 1 year after an incident radiographic vertebral fracture, 20% of patients had a new radiographic vertebral fracture.
These observations had a growing impact on further research on timing of subsequent fractures in relation to a first fracture, and focused on all fractures or specific initial or subsequent fracture locations. If subsequent fractures cluster in time, this has as a clinical consequence the need for immediate attention for fracture patients to decrease the risk of subsequent fracture. Furthermore, if fractures cluster in time, algorithms for case findings should take into account the variable risk of subsequent fracture over time.
Several studies have studied the time relation between fractures. However, the time relation between fractures has been reported in several ways in terms of RR, absolute risk (AR), as percentages of all subsequent fractures that occurred over short-and long-term follow-up, and as survival or cumulative curves. First and subsequent fractures were studied at variable fracture locations (vertebral, nonvertebral, major, minor, and hip fractures). We reviewed these aspects in the literature on studies that reported the time relation between fractures and, as far as reported, review the RR, AR, and percent of subsequent fractures according to baseline and subsequent fracture location.
Clustering in Time of Fractures after a Vertebral Fracture
Morphometric vertebral fractures are the most frequent osteoporosis-related fractures, but only around one-third come to clinical attention with the classical signs and symptoms of an acute fracture. Therefore, studies on vertebral fractures differ in including only clinical vertebral fractures or in systematic performance of radiographs of the thoracic and lumbar spine.
Repeat Morphometric Vertebral Fractures
Only one study is available on repeat radiographic vertebral fractures. It was performed by analyzing placebo-treated patients (n=2,725) pooled from several fracture studies with risedronate [8] . These women had prevalent vertebral fractures [9, 10] , low femoral neck BMD, or risk factors for hip fracture [11] . All subjects received calcium supplementation (1,000 mg/d). Women with serum 25-hydroxyvitamin D levels of less than 16 ng/mL (40 nmol/L) at baseline also received vitamin D supplementation (up to 500 IU/d).
In this study, the 1-year incidence of radiographic vertebral fractures could be analyzed in three groups of patients: 1) patients without a prevalent fracture; 2) patients with a prevalent radiographic vertebral fracture before the start of the follow-up, and of which the timing of the previous radiographic vertebral fracture was unknown; and 3)patients who developed a new radiographic vertebral fracture during the study and who were followed yearly for the development of subsequent radiographic vertebral fractures.
The cumulative incidence of new radiographic vertebral fractures in the first year of the study follow-up (ie, the AR for new radiographic vertebral fractures in patients with and without previous radiographic vertebral fracture of unknown timing) was 6.6% in the total group ( Fig. 1) [8] .
In patients with of one or more radiographic vertebral fractures at baseline, in whom the timing of fractures was unknown, the risk of sustaining a radiographic vertebral fracture increased by fivefold during the initial year of the study compared with the incidence in subjects without prevalent radiographic vertebral fractures at baseline (RR, 5.1; 95% CI, 3.1-8.4; P<0.001). The 1-year AR for a first radiographic vertebral fracture was 1.9%, 4.6% in the presence of one vertebral fracture of unknown radiographic vertebral fracture and 9.9% and 12.5% in the presence of more than one or two radiographic vertebral fractures of unknown timing at baseline, respectively [8] .
Among the 381 participants who developed an incident radiographic vertebral fracture during the study follow-up, the incidence of a new radiographic vertebral fracture in the subsequent year was 19.2% (95% CI, 13.6-24.8) [8] . In summary, this study indicated that the 1-year AR for subsequent radiographic vertebral fractures is 1.9% for a first radiographic vertebral fracture, 4.6% in the presence of a radiographic vertebral fracture of unknown timing, and 19.2% within 1 year after a radiographic vertebral fracture had occurred. This study clearly showed that the risk of repeat radiographic vertebral fractures is highest during the first year after a radiographic vertebral fracture.
Fractures after Clinical Vertebral Fractures
A study focused on the magnitude and time course of the increase in risk of further fractures during a mean follow-up of 2.4 years (maximum, 8 years) in patients who were hospitalized for vertebral fracture (n=28,869) [7] . It has been shown that there was a marked increase in subsequent incidence of hip and all fractures within the first year following hospitalization for vertebral fracture in both men and women. Thereafter, fracture incidence declined toward, but did not attain baseline risk. The increase in fracture risk was more marked following low-energy vertebral fracture than following high-energy trauma. The RR for an incident fracture (compared with the general population) was at any age higher at 6 months (3.9-48.7, according to age) than at 4 years (1.4-15.2, according to age), was higher in men (5.6-48.7, according to age) than in women (3.9-32.0, according to age), and was higher in younger than in older patients (Fig. 2) . The AR, expressed as the incidence of all subsequent fractures, was higher at 6 months (7.8% to 21.5%, according to age) than at 4 years (1.9% to 10.2%, according to age) and higher in women (8.0% to 21.5%, according to age) than in men (7.8% to 16.0%, according to age) [7] . The timing of the percentage of fracture according to time of follow-up was not mentioned.
Clustering in Time of Fractures after a Hip Fracture
A total of 799 patients were followed during a mean follow-up of 22 years after their initial hip fracture. After the initial hip fracture, 27% of all subsequent fractures (mean number of subsequent fractures per patient: 2.3, range 1-11 fractures/patient) occurred within 2 years and 73% within 5 years [12] . The AR over 22 years was 45% in the total group and 86% in survivors. This indicates that the 2-year AR was about 12% in the total group and about 23% in survivors, and that the 5-year AR was 33% and 63%, respectively [12] .
A study in elderly living in a nursing home (n=184) showed the same trend. The AR of the subsequent fractures was 12% within 1 year and 21% within 5 years, indicating that more than half of subsequent fractures during 5-year follow-up occurred within 1 year after a hip fracture [13] .
In a study that included more than 170,000 men and women with an initial hip fracture, almost 28,000 patients sustained a subsequent hip fracture during 25-year follow-up (mean follow-up, 3.8 years). After a first hip fracture, the cumulative incidence of subsequent hip fracture was 9% within 1 year and 20% within 5 years, compared with 2% and 12%, respectively, in subjects without a hip fracture. Thus, nearly half of all subsequent hip fractures during 5-year follow-up occurred within 1 year. The RR for a second hip fracture was 11.8 at 1 month, decreasing exponentially to 3.0 at 6 months and 2.2 at 1 year, and did not normalize until after Similar results were reported in other studies [15, 16] . In addition, almost all fractures after the initial hip fracture were caused by low-energy traumatic accidents (eg, fall from standing height or less, fall from a chair, or fall out of bed) [12, 13•, 14••, 15, 16] .
Clustering in Time after Clinical Fractures
One study focused on the risk of hip, forearm, clinical vertebral, or shoulder fractures in women and men between 60 and 80 years of age from the time they had a hip, clinical vertebral, or shoulder fracture in both outpatients and hospitalized patients [6] . Of all subsequent hip, clinical vertebral, forearm, or shoulder fractures during a follow-up of 5 years, 34% occurred within the first year after the initial fracture (range, 31% to 45%) and progressively decreased to 9% during the 5th year (Fig. 3) [6] .
We published a population-based study focusing on all clinical fractures (including high-energy or low-energy trauma fractures) in postmenopausal women [5••] . During a follow-up of 20 years (mean, 9 years), 23% of all subsequent fractures were sustained within 1 year after the initial fracture and 54% within 5 years. After 15 years, the subsequent fracture risk was no longer higher than the initial fracture risk [5••] .
In the Dubbo Osteoporosis Epidemiology Study in Australia, in community-dwelling men and women older than 60 years of age, the AR of subsequent low-energy trauma fracture was similar for men and women [4••] . About 41% of the subsequent fractures in women and 52% in men occurred within 2 years after the initial fracture during a follow-up of 16 years. This clustering of fractures occurred regardless of the initial fracture location. However, with the expected increase in initial fracture risk with age, the excess risk decreased over time from initial fracture (P=0.003 and P=0.001 for women and men, respectively). After 10 years of follow-up, the subsequent absolute fracture risk was no longer elevated compared with the risk of a first fracture.
In a retrospective study, the time relation between fractures was studied between the time of prior fracture (n>8,000) and the time a BMD measurement was performed, and the risk of subsequent fracture (n>1,700) during a follow-up for a maximum of 10 years after the index BMD measurement [17] . The RR after major fractures was 1.9 (95% CI, 1.6-2.3) after the BMD measurement in patients who had a fracture history less than 1 year before the BMD measurement, decreasing toward 1.6 (95% CI, 1.3-2.1) if the previous fracture had occurred more than 10 years ago (P< 0.001 for trend). After minor fractures, the RR was 1.49 (95% CI, 1.1-1.9) and 1.1 (95% CI, 0.8-1.5), respectively [17] . However, this study did not report the exact timing between fractures, as the timing from BMD measurement and subsequent fracture was not reported. In view of the large database in that study, more detailed analysis of the time relation between fractures would be of interest.
The etiology of clustering of fractures needs further investigation in terms of bone-related risk factors (eg, cortical and trabecular bone loss due to immobility), fallrelated risk factors (eg, immobility, postural instability, muscle strength, plastering, use of walking device),and post-fracture care for morbidity (eg, locomotor revalidation after lower limb fractures).
Conclusions
The clustering of fractures in time indicates the need for immediate attention in both men and women who sustain a first fracture to prevent the occurrence of a subsequent fracture. The high increase of subsequent fractures immediately after a first fracture creates a window of opportunity to prevent subsequent fractures. However, no studies are available on fracture prevention immediately after a fracture. Such studies will be needed in view of the immediate burden of subsequent fractures in patients with a first fracture, who can easily be identified clinically.
In addition, when treatment with osteoporosis medication is considered, such treatment should be chosen on the basis of proven short-term efficacy in the reduction of vertebral and nonvertebral fractures. How far additional fall prevention strategies would further decrease subsequent fracture risk is unknown and is a field for further clinical research. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
